Objective: There has been much debate as to whether nicotine is a risk factor for suicidal behaviour. This study sought to examine the relation between nicotine dependence and suicide attempts in a population-based sample of adults.
T obacco use ranks among the largest ever public health concern.
1 Smoking is the leading cause of preventable death in Canada and worldwide, and also represents a source of considerable morbidity. 2, 3 In 2002, the societal cost of smoking in Canada amounted to $17 billion, with $4 billion accountable by direct health care costs. 4 In 2000, deaths directly related to tobacco numbered over 4 million worldwide, 5 and if current trends continue, up to 1 billion people will die in the 21st century as a result of tobacco use. 1 In addition to its well-known adverse health effects, smoking may also be associated with suicide and suicidal behaviour. 6 The concept of nicotine as a risk factor for suicide is controversial and fuelled by mixed findings across studies. Several studies have found a positive association between smoking and suicide attempts. [7] [8] [9] [10] Other studies [11] [12] [13] have demonstrated a relation between smoking and suicide. However, important limitations temper these findings. Most studies to date have not comprehensively adjusted for the effects of comorbid mental disorders. Nicotine dependence and smoking are highly associated with almost all psychiatric disorders, 14, 15 and mental disorders are well-established risk factors for suicidal behaviour. 16 In many studies that have controlled for mental disorder comorbidity and other confounders, associations between suicide attempts and smoking are rendered nonsignificant. [17] [18] [19] [20] Another important limitation is that many studies have not controlled for the effects of physical disease, despite its association with both tobacco use and suicidal behaviour. [21] [22] [23] There is a need to clarify the relation between nicotine dependence and suicidal behaviour in the general population. Our study will attempt to address the limitations of previous studies by using Wave 2 of the NESARC. The NESARC has several features that make it ideally suited to answer this important question. It has an extremely large sample size (n = 34 653) and therefore is well powered to assess differences for events such as suicide attempts. It is the only large scale nationally representative survey to assess all 10 DSM-IV personality disorders along with a comprehensive assessment of Axis I conditions, allowing it to address the confounding bias in previous studies. It also offers the opportunity to examine the relation between smoking cessation and suicidal behaviour, an area with little information and contrasting findings. 6 The primary objective of our study is to determine whether nicotine dependence is associated with suicide attempts. Secondary objectives include investigating the relation between suicide attempts and nicotine cessation, and exploratory analyses of the association with age of first cigarette use, frequency of use, and amount of use. Based on existing literature, we hypothesize a positive association between nicotine dependence and suicide attempts that does not persist after adjustment for confounders. Although there have been discrepant findings to date, we predict cessation of nicotine dependence will be negatively associated with suicide attempts, compared with current nicotine dependence.
Methods

Sample
Our study used data from Waves 1 and 2 of the NESARC designed by the National Institute on Alcohol Abuse and Alcoholism. 24, 25 This nationally representative dataset sampled the noninstitutionalized adult United States population. The Wave 2 sample is the dataset used in our study, comprised of a total of 34 653 respondents. Trained lay interviewers administered both waves of the NESARC survey through in-person interviews. Only respondents who completed both waves of the survey were included in the final sample, yielding an overall response rate for both waves of 70.2%. Prior to data collection, each respondent was informed of the nature of the survey and its potential use, ensured of confidentiality, and told that participation was voluntary. The US Census Bureau and the US Office of Management and Budget reviewed and approved the ethics protocol. Statistical weights were employed to ensure representativeness of the sample. Detailed information about the NESARC sampling frame has been presented elsewhere.
25-27
Measures
Sociodemographic Variables. Eight sociodemographic variables were assessed in both waves of the NESARC survey. These included: income, race, education, marital status, age, sex, urbanicity, and region. Income was divided into 4 categories ($0 to $19 999, $20 000 to $34 999, $35 000 to $59 999, and $60 000 and more), as were age (20 to 29 years, 30 to 44 years, 45 to 64 years, and 65 years and older) and region (Northeast, Midwest, South, and West). Ethnic identity was divided into 5 categories, consisting of White, Black, American Indian or Alaskan, Asian or Hawaiian, and Hispanic. Marital status was defined as: married or cohabitating; divorced, separated, or widowed; or never married. Education was similarly trichotomized into less than high school, high school only, or some college or higher. The urbanicity variable dichotomized participants into residing in either rural or urban locations.
Mental Disorders. DSM-IV diagnoses were made using the AUDADIS-IV. 28 Reliability and validity of this instrument ranged from good to excellent, and has been examined in 27, 29, 30 Axis I disorders assessed were: mood (major depressive disorder, dysthymia, and bipolar I and II disorders), anxiety (panic disorder, social phobia, specific phobia, and generalized anxiety disorder), and substance use (alcohol and drug abuse and dependence) disorders. All 10 Axis II personality disorders were assessed. Seven were assessed at Wave 1 (schizoid, paranoid, antisocial, histrionic, avoidant, dependent, and obsessive-compulsive), and the remaining 3 were assessed at Wave 2 (schizotypal, narcissistic, and borderline). Diagnoses were categorical, meaning that to receive a diagnosis, participants had to endorse the minimum number of symptoms required by the DSM-IV. Schizophrenia and psychotic episodes were assessed by asking the respondent if they had ever been diagnosed with schizophrenia or a psychotic disorder by a doctor. 31 Nicotine Use. The AUDADIS-IV was used to generate diagnoses of nicotine dependence and to quantify nicotine use. The reliability of the nicotine dependence diagnosis using the AUDADIS-IV was established in a test-retest study conducted as part of the NESARC survey and was shown to be both reliable and valid. 29 For our study, tobacco users were categorized into 4 groups. These were: past-year nicotine dependence, prior to past-year nicotine dependence, current nicotine users (people who used tobacco in the past year but did not meet criteria for dependence), and lifetime nicotine dependence (people that met DSM-IV criteria for nicotine dependence at any point in their lives). The first 3 categories were mutually exclusive. The lifetime nicotine dependence group included people with past-year and prior to past-year dependence. The prior to past-year nicotine dependence group was comprised of people who were dependent on nicotine prior to the year before the survey, but had abstained from any nicotine use in the year just before the survey. This group represented the nicotine cessation group. Previous analysis of nicotine dependence in the NESARC sample revealed that the vast majority (93.7%) was represented by cigarette smoking, as opposed to other forms of tobacco.
14 Current nicotine users were defined in the NESARC survey as people who endorsed 1 or more of the following in the past year: smoking 100 or more cigarettes, smoking 50 or more cigars, using a pipe 50 times or more, using snuff 20 or more times, and using chewing tobacco 20 times or more. In statistical analyses, these 4 groups were compared with people who were considered lifetime abstainers from tobacco use. Lifetime abstainers were defined as people who had never smoked 100 or more cigarettes, 50 or more cigars, used snuff or chewing tobacco over 20 times, or used a pipe more than 50 times.
Age, frequency, and amount of tobacco used were also examined in our study. Age of first use was defined as either aged 17 years and younger or 18 years and older. Frequency of cigarette use was trichotomized into every day, regularly (1 to 6 days per week), and occasionally (less than once per month to 2 to 3 days per month). Daily average amount of cigarette use was also trichotomized into 1 to 10 cigarettes, 11 to 20 cigarettes, and over 20 cigarettes. Similar categorizations have been used in previous studies. 18, 19 Suicide Attempts. All participants were asked about previous suicide attempts with the following item: "In your entire lifetime did you ever attempt suicide?" Responses were coded as either yes or no. Respondents were also asked at what age had both their first and most recent suicide attempt occurred. Responses to these variables were subtracted from the subject's current age to create a past-year suicide attempt variable.
Physical Conditions. Seventeen medical conditions were assessed in the NESARC survey. These included: high cholesterol, diabetes, liver disease, and AIDS. Based on previous research, a summary comorbidity variable was computed by assigning a specific weight to each condition (for example, 6 for AIDS or 1 for high cholesterol) and then computing all condtions.
32,33
Statistical Analyses
Appropriate statistical weights were applied to ensure representativeness of the NESARC data. Further, all analyses used SUDAAN's 34 Taylor Series Linearization process owing to the NESARC's complex sampling design.
First, cross-tabulation analyses were performed to determine prevalence rates of sociodemographic and mental disorder variables for the entire NESARC sample. Cross-tabulations were also performed for the age of first use, type of tobacco, frequency, and amount of cigarettes used within the 4 nicotine use categories of interest. Next, several logistic regression analyses were conducted to determine the odds of suicide attempts among the 4 categories of tobacco users. Each model was adjusted for sociodemographic variables, Axis I and II disorders, and physical disease. Subsequently, relations between nicotine dependence and suicide attempts were examined in the context of comorbidity with substance use, mood, anxiety, psychotic, and personality disorders. Within each of these mental disorder categories (for example, any SUD), a 4-category variable was created with the following levels: neither nicotine dependence nor any SUD, any SUD without nicotine dependence, nicotine dependence without any SUD, and both any SUD and nicotine dependence. Odds of suicide attempts were examined in each of these categories by setting the reference category to neither disorder. Next, the reference group was set to any disorder without the nicotine dependence group (this could be any SUD, mood, anxiety, or personality disorder, depending on the analysis in question) to look at the odds of suicide among people with both disorders, compared with people with one disorder. This was done to determine the association between nicotine dependence and suicide attempts beyond the effects of the comorbid disorder. Each analysis adjusted for sociodemographics, physical conditions, and other mental disorders. Finally, associations between age of onset, frequency of use, average amount of cigarettes smoked, and lifetime suicide attempts were examined among people with a lifetime nicotine dependence diagnosis. Three models were examined: an unadjusted model, a model that adjusted for sociodemographic factors and Axis I and II mental disorders, and a model that adjusted for sociodemographic factors, Axis I and II mental disorders, and physical disease. Table 1 shows a breakdown of the entire NESARC Wave 2 dataset by sociodemographic variables and psychiatric diagnoses. Table 2 describes patterns of tobacco use across the various measures of nicotine dependence within the study population. Most smokers reported that they started smoking prior to age 18 years. Cigarettes were the type of tobacco product most widely used across all categories of nicotine dependence. Information on the frequency of cigarette use and the average daily amount of cigarettes smoked in the past year was available for past-year and lifetime nicotine dependence categories as well as current nondependent users, but not available for people who had nicotine dependence in the past but not currently. Most nicotine users reported daily use, with prevalence rates of 79% to 93% across categories. People with a past-year or lifetime nicotine dependence diagnosis on average smoked between 11 to 20 cigarettes daily, whereas nondependent users smoked 10 or fewer cigarettes per day. Table 3 displays data regarding the association between suicide attempts and nicotine dependence. After adjusting for sociodemographic factors, Axis I and II disorders and physical disease, lifetime nicotine dependence was significantly associated with a lifetime history of suicide attempt (AOR 1.78; 95% CI 1.48 to 2.15). Past-year nicotine dependence was significantly correlated with having made a suicide attempt in the past year (AOR 1.77; 95% CI 1.02 to 3.06) after adjusting for the same sociodemographic, mental disorder, and physical disease confounders. Interestingly, prior to past-year nicotine dependence was associated with decreased odds of suicide attempts (AOR 0.27; 95% CI 0.10 to 0.75) when compared with nonusers of nicotine. This result should be interpreted with caution, given the small cell size of people with prior to past-year nicotine dependence who made a past-year suicide attempt (n = 5). People who engaged in nondependent use of nicotine in the past year were no more or less likely than lifetime abstainers to have made a past-year suicide attempt.
Results
To address the issue of nicotine dependence cessation, past-year suicide attempts were compared among people with past-year nicotine dependence and those with prior to past-year nicotine dependence (results not displayed in tables). The weighted prevalence of past-year suicide attempts was 1.2% for the former group, and 0.1% in the latter. This difference was statistically significant (χ 2 = 24.9, df = 1, P < 0.01). The relation was further examined in a logistic regression model that adjusted for the previously a Percentages are weighted to account for sampling biases described sociodemographic factors, Axis I and II mental disorders, and physical disease. People with previous nicotine dependence who had abstained in the past year were significantly less likely to have made a suicide attempt in the past year, compared with people currently dependent on nicotine (AOR 0.15; 95% CI 0.05 to 0.43). Table 4 describes the increased odds of suicidal behaviour associated with nicotine dependence beyond associations with specific mental disorder categories. When mental disorders were comorbid with lifetime nicotine dependence, they were significantly associated with suicide attempts, compared with people without either disorder. When the comorbid population was compared with people with the mental disorder but not nicotine dependence, the comorbid population still had significantly increased odds of suicide attempt. This pattern persisted across all mental disorder categories, with the exception of psychotic disorders, even after adjusting for sociodemographic factors, physical disease, and all mental disorders aside from the category examined. 
Discussion
The main finding of our study is a demonstrated association between nicotine dependence and suicide attempts. This relation persisted even after adjusting for a broad range of confounders, including Axis I disorders, all 10 DSM-IV personality disorders, and physical disease. This is a novel and important finding, as a positive association has yet to be shown within a nationally representative sample when controlling for these conditions. Our study also contributes new results regarding the relation between suicide attempts and smoking cessation, revealing that previously nicotine dependent people who have abstained for at least 1 year are It is important to consider theoretical mechanisms that may explain the association between nicotine dependence and suicidal behaviour, as, at first glance, it is not an intuitive connection. Three theories have been described to explain this relation: smoking is a noncausal marker, smoking is a psychological or physical toxin, and smokers are selfmedicating a suicide risk. 6 These theories apply to current smokers, but also have interesting implications for smoking cessation. If a smoker ceased using tobacco, according to the second theory, their risk of suicide attempt would decrease, and based on the third theory, their risk of suicide attempts would increase. 6 If smoking is a noncausal marker, the risk may or may not change depending on how cessation affected other factors that were more causally linked to suicide attempts.
Our results demonstrate lifetime nicotine dependence to be associated with a lifetime history of suicide attempts, independent of the effects of Axis I and II mental disorders and physical disease. Recognizing that lifetime diagnoses may not be temporally associated, the persistence of this finding when analyses were restricted to past-year nicotine dependence and past-year suicide attempts is perhaps a more important finding. The existing literature generally finds a relation between nicotine and suicidal behaviour that dissipates when comprehensively adjusting for relevant confounders. [7] [8] [9] [10] 13, [17] [18] [19] 35, 36 Taken together, much of the existing literature suggests that nicotine may be a noncausal marker, consistent with the first theory listed above, and that the relation is instead explained by psychiatric comorbidity. The persistence of the relation in our study, despite comprehensively adjusting for psychiatric and physical disease comorbidity, contrasts the existing literature and suggests that these confounders do not fully account for the observed association.
People previously dependent who had ceased using any form of nicotine were less likely to have made a suicide attempt, compared with lifetime abstainers and people currently dependent on nicotine. Because of the small number of suicide attempts among people previously dependent on nicotine, this finding should be cautiously interpreted and requires replication in future studies. The existing literature on smoking cessation and suicidal behaviour is limited, with mixed findings. 6, [37] [38] [39] Our findings may be consistent with the theory that nicotine is a psychological toxin, as according to that theory suicidal behaviour is negatively correlated with cessation. Evidence supporting the theory that nicotine may have a biological effect that predisposes people to suicidal behaviour comes from studies of serotonin and MAO enzyme activity. Chronic nicotine use is associated with diminished levels of serotonin 40 and MAO, 41 compared with unexposed populations, and low levels of serotonin and MAO activity have been linked with suicidal behaviour. [42] [43] [44] Further studies are required to elucidate the biologic pathways through which nicotine may exert a prosuicidal effect.
Compared with people consuming 10 or fewer cigarettes per day, people smoking more than 20 showed increased odds of suicide attempts in models that adjusted for sociodemographic factors and comorbid mental illness. This finding was no longer significant in models that additionally adjusted for physical disease and indicates that physical disease accounts for some of the observed relation. This is an intuitive finding as heavier smokers have higher rates of physical disease, 45 and physical disease is associated with suicide attempts and suicide. 22, 23 Previous literature demonstrates an association between greater cigarette consumption and suicide. 12, 45 Further studies should clarify whether a dose-response relation exists between nicotine and suicidal behaviour, independent of comorbid physical illness. a AORs were adjusted for sociodemographic factors (sex, age, marital status, education, income, region of residence, urbanicity, and ethnicity), lifetime mental disorders (any psychotic, any substance use, any mood, any anxiety, and any personality disorder), and physical disease. Reference group for all analyses was lifetime abstainers from nicotine.
b Percentages are weighted column percents. For example, 50.1% of people with a lifetime suicide attempt met criteria for lifetime nicotine dependence.
c P < 0.001 All disorders are lifetime disorders n/a = not applicable a AORs were adjusted for sociodemographic factors (sex, age, marital status, education, income, region of residence, urbanicity, and ethnicity), physical disease, and mental disorders other than the one examined (any psychotic, any substance use, any mood, any anxiety, and any personality disorder).
b P < 0.001
There are several limitations that warrant discussion. The first pertains to the cross-sectional design of the study, which precludes any causal inferences regarding nicotine dependence and suicide attempts. Prospective, longitudinal studies are required to address causation. A second limitation is that the analysis was restricted to suicide attempts and therefore may not apply to the risk of completed suicide. A third limitation relates to the assessment of suicide attempts. We were unable to assess the intended lethality of suicide attempts and therefore the group may represent a heterogeneous collection of lethal attempts and nonlethal gestures. We were also unable to differentiate between single and multiple attempters. The assessment of potential confounders represents a fourth limitation of our study. There are several risk factors for suicidal behaviour that were unmeasured in our study that correlate with both smoking and suicidal behaviour, such as impulsivity and aggression. 23, 46, 47 However, we were able to adjust for the most extensive range of mental disorders in a populationbased study to date. Further, we adjusted for the presence of physical disease, another important extension to existing literature. A fifth limitation was the assessment of nicotine use. Our analyses focused on nicotine dependence rather than smoking. Therefore, the results of our study apply to people dependent on nicotine and not to all smokers.
In conclusion, our study adds new and important information that furthers our understanding of the relation between nicotine dependence, nicotine dependence cessation, and suicide attempts. The findings from our study suggest that it is not simply confounding factors that lead to suicidal behaviour, but perhaps nicotine itself. This work has several important clinical implications for psychiatrists and all physicians. People should be asked about nicotine use during risk assessments of suicidal behaviour, and clinicians need to be aware of the increased likelihood of suicide attempts associated with nicotine dependence when it is comorbid with mental disorders. These findings give added weight to the importance of smoking cessation efforts with patients. On a broader scope, our study provides further evidence of the deleterious health effects of tobacco and will hopefully contribute to ongoing public health policy work to reduce smoking at the population level. Résumé : La relation entre la dépendance à la nicotine et les tentatives de suicide dans la population générale Objectif : La question d'établir si la nicotine est un facteur de risque du comportement suicidaire a été largement débattue. Cette étude cherchait à examiner la relation entre la dépendance à la nicotine et les tentatives de suicide dans un échantillon d'adultes de la population. Conclusions : La dépendance à la nicotine est associée aux tentatives de suicide, indépendamment des troubles mentaux et de la maladie physique comorbides. L'association s'atténue quand une personne cesse d'utiliser la nicotine, ce qui suggère un effet d'état plutôt de trait. Ces résultats justifient les préoccupations additionnelles au sujet des effets délétères du tabac sur la santé.
